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October 1993 Windsor, Ontario
International Joint Commission
United States and Canada
Commissioners:
The Great Lakes Science Advisory Board is pleased to submit its 1993 Report to the Commission
and the Water Quality Board, as provided for under the Terms of Reference for the joint institu-
tions by the Great Lakes Water Quality Agreement.
Over the 1991-1993 Biennial Cycle, the Board has directed its efforts to address the priorities of the
Commission as expressed in your memorandum of November 25, 1991, especially those priorities
related to human and ecosystem health and state—of—the-lakes reporting, for which the Board has
had lead responsibilities. Along with these lead responsibilities, individual Board members also
actively participated in and directly contributed to several other Commission priorities, most
notably the work of the Virtual Elimination Task Force. The results of these individual efforts are
reﬂected in other reports and comments submitted to the Commission under separate cover from
their respective groups.
Several topics covered in Chapters 3 and 4 of the Board’s report, by the Workgroups on Parties
Implementation, and Emerging Issues, respectively, address issues identified by the Board during
the biennial cycle and approved by the Commission as supplemental activities to the original
priorities. By allowing ﬂexibility within the priority planning process, the Commission provided
an opportunity for the Board to provide advice on several important issues whose salience was
most relevant to current progress under the Agreement.
In conclusion, we would like to share with you our confidence that the current Commission
approach to priorities, which integrates the efforts of Board and Council members while at the
same time retaining the ynique perspective that each advisory group provides under its collective
mandate, is proving to be productive and beneficial in addressing the challenges associated with
assessing progress under the Agreement.
On behalf of the members of the Board, we look forward to the energy and excitement of the 1993
Biennial Meeting in Windsor, Ontario, October 22 - 24, 1993, and the opportunity to share the






CoChair, United States Section
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SUMMARY OF RECOMMENDATIONS
CHAPTER 2: WORKGROUP ON PARTIES IMPLEMENTATION
It is recommended that:
0 the Commission urge the Parties to implement the 1980 Toxic Substances Committee recom-
mendations (IIC 1981) (2.1.2)
0 the Commission urge the Parties to confirm whether resources are being used effectively to
reduce loadings of toxic substances (2.1.2)
0 the Commission promote the establishment by the Parties of a compatible toxic substances
loadings database, possibly using Geographic Information System technology (2.1.2)
0 the Commission urge the Parties to establish a binational workgroup to develop a Great
Lakes toxics reduction strategy that would include timetables, specific load reduction targets
and phase-out plans (2.1.2)
0 the Commission recommend that the Parties submit a biennial assessment of their progress
toward achieving loading reduction targets for toxic chemicals (2.1.2)
0 the Commission urge the Parties to strengthen and formalize their binational approach in
water quality objective setting to ensure that the Great Lakes Water Quality Initiative and
related future US. and Canadian initiatives are pursued in a binational forum consistent
with Great Lakes Water Quality Agreement goals (2.2.3)
CHAPTER 3: WORKGROUP ON EMERGING ISSUES
It is recommended that:
0 the Commission, together with the Parties, undertake a comprehensive, binational, scientiﬁc
assessment of approaches to develop environmental management policy where socio-eco-
nomic and biophysical data are incomplete or contradictory. The options for implementing
the sunsetting of chlorine and chlorine-containing industrial feedstocks and the societal
implications of those options, should form a case study of such policy development (3.1)
0 the Commission urge the Parties to develop and implement a binational program to address
global climate change through the integrated study of the Great Lakes basin as a regional
pilot project (3.2.4)
0 the Commission urge the Parties to make a long-term commitment to climate change re-
search through identification of climate change in Annex 17 of the Great Lakes Water Qual-
ity Agreement, and to provide a report on progress at appropriate intervals of time, in a
holistic and systematic reporting fashion, as recommended in Chapter 6 of this report (3.2.4)
0 the Commission urge the Parties to utilize state-of-the-art predictive capabilities and apply
them widely to assure cost effective and timely improvements of water quality at Areas of
Concern, and in the Great Lakes generally (3.3.3)
0 the Commission support proposals for a basinwide workshop to exchange experiences between
local officials and scientists who are using models successfully in Remedial Action Plans and
others in the region who are considering proposals for local and lakewide remedial action (3.3) v i i
  
viii
CHAPTER 4: WORKGROUP ON ECOSYSTEM HEALTH
It is recommended that:
0 the Commission further promote the weight-of-evidence concept as a comprehensive explicit
tool in support of environmental decisionmaking (4.1)
0 the Commission promote the establishment of mechanisms by which "resource poor” orga-
nizations and the general public can obtain scientific information, referrals and assistance
(4.1.1)
0 the Commission promote studies examining the effects of the environment on ecosystem
health that take into account the empowerment, participation and involvement of the com-
munity in all aspects of the study, including design, conduct and interpretation (4.1.1)
0 the Commission encourage comparable state-of-the-art methodologies with appropriate Qual-
ity Assurance /Quality Controlin basin studies to certify the sensitivity, accuracy and repro-
ducibility of the methods in each laboratory (4.1.1)
0 the Commission take new initiatives to communicate its recommendations to a wider audi-
ence. This might involve presentations at major conferences and working more actively
with the network of individuals and organizations already aware of the policy recommenda-
tions (4.1.1)
0 the Commission promote the assessment of human health in Remedial Action Plans by
encouraging Remedial Action Plan groups to involve human health experts in their public
advisory committees (4.1.2)
0 the Commission, in conjunction with several Remedial Action Plan teams, develop guide-
lines for selection of human health indicators in Remedial Action Plans, taking into account
the feasibility of the indicator to be studied and its importance, sensitivity and specificity
(4.1.2)
0 the Commission encourage research and development of indicators, including ecosystem-
level indicators, which will demonstrate the links between ecosystem stress and human
health (4.1.3)
0 the Commission promote public education about the importance, meaning and implications
of the interrelationship of ecosystem and human health (4.1.3)
STATE-OF-THE-LAKES REPORTING:
SOCIAL AND ECONOMIC STRESSORS
CHAPTER 5:
It is recommended that:
0 the Commission evaluate the reporting responsibilities under the Agreement and develop a
systematic approach to data organization and the reporting strategies of the Parties in order
to assess progress under the Agreement (5.5)
0 the Commission continue to provide advice on an ecosystem approach that will encourage
the synthesis by the Parties of U.S./Canada data and information requirements under the
Agreement (5.5)
0 the Commission encourage the Parties to continue to support educational/ research pro-
grams directed towards Great Lakes communities on the implications of sustainability within
the limits of the “carrying capacity” of the basin ecosystem (5.5)
CHAPTER 6: THE GREAT LAKES WATERlQUALITY
AGREEMENT TO THE YEAR 2000
It is recommended that:
O the Commission, together with the Parties, undertake a binational review of the implications 3
of economic policy and trade commitments relative to the goals and purpose of the Great
Lakes Water Quality Agreement, to identify opportunities for implementing the Agreement









The 1991-93 Biennium has been a period of reassessment and reorientation for the Great Lakes
Science Advisory Board (Board or SAB). In a constructive effort to optimize its contribution to the
International Joint Commission (Commission or IJC) during the current decade, the Board re-
viewed its role and organization in relation to the responsibilities assigned to it under the Agree-
ment and by the Commission (Figure 1.1). The impetus for this review was two—fold — the
revised role recommended for the SAB by the "Task Force on Commission Roles and Responsibili-
ties under the Great Lakes Water Quality Agreement” in March 1991, and the decision by the
Commission to adopt an explicit priority planning process following public input at the 1991
Biennial Meeting. As part of its review, the Board articulated a set of operating principles, identi-
fied key functions, and reorganized its substructure to implement the revised mandate.
In overview, the SAB provides scientific advice to the Commission and to the Great Lakes
Water Quality Board on current and anticipated issues of significance within the Great Lakes Basin
Ecosystem. To contribute effectively in this broad advisory role, the Board concluded it should
strive in all of its activities to be:
0 supportive of the Commission in providing constructive comment on the Parties’ progress
towards commitments under the Great Lakes Water Quality Agreement (Agreement or
GLWQA)
0 broad in perspective, encompassing key issues and disciplines potentially impinging upon
the Great Lakes science/ policy domain
- integrative across scientific disciplines, including the natural, physical and social sciences, as
reflected in the membership of the Board
0 evaluative of data, programs and policies, based on peer-reviewed science and recommenda-
tions, both to the Commission and to the public
0 anticipatory and outspoken, not merely reactive, in identifying key issues for IIC attention
- catalytic in identifying and promoting important and feasible change
0 educative of the public on important science/policy issues relating to the Great Lakes Basin
Ecosystem
0 independent and neutral, in keeping with the mandate of the Commission
From the assessment of its mandate and responsibilities, the Board identified three principle
functions which it serves, although not exclusively, in support of the Commission’s activities:
0 assessment and advice on Great Lakes Basin Ecosystem health, including the scientific un-
derpinning of public policy
0 review and evaluation of science policy and programs related to the Parties’ implementation
of the Agreement
0 identification and evaluation of emerging issues and future priorities
To meet these responsibilities, the Board reorganized its substructure, creating three
operational workgroups on: Ecosystem Health; Parties Implementation; and Emerging Issues,
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 respectively (Figure 1.2). Each workgroup consists of SAB members, augmented in some cases by
non-SAB experts in critical specialties. The effect of this reorganization is to implement the 1991
decision by the Commission that the Water Quality Board (WQB) should shift from program
evaluation to policy advice, while the SAB should play a somewhat more practically-oriented
role and assume certain responsibilities previously undertaken by the WQB, such as consideration
of the state of the lakes, and the review of certain programs” (Task Force on Commission Role and
Responsibilities 1991).
In developing the Board’s biennial program, each workgroup selected three or four key
activities for approval by the full Board and Commission, taking into account the Commission’s
priorities and advice as well as members’ views on topical and important issues. At the outset of
the Biennium, the Board was assigned lead responsibility for projects concerned with ecosystem
health (including human health) and state-of-the—lakes reporting (Figure 1.1).
The results of the Board’s deliberations, as described in the remainder of this report, are
diverse and vary in level of treatment, depending on the scope and complexity of the issues. There
is, however, a common thread running through many of the sections, namely an overarching
concern with the state of “information management” in the Great Lakes Basin Ecosystem.
Repeatedly in our examination of issues, questions have arisen about the quality of informa-
tion needed to support decisionmaking and to verify progress in meeting the goals of the Agree-
ment. Thus, for example, the Workgroup on Parties Implementation discusses deficiencies in
source data and the management of environmental information for evaluating progress on toxic
chemical reduction (Section 2.1). They also raise concerns about binational approaches to contami—
nant loadings and water quality objectives in relation to the US. Great Lakes Water Quality
Initiative (GL1; Section 2.2). The Workgroup on Ecosystem Health identifies a variety of data and
information challenges concerning the weight-of—evidence approach, risk assessment, data harmo-
nization, and the use of biomarkers in relation to the evaluation of ecosystem health (Chapter 2).
Similarly, deficiencies in knowledge and in the management of information pervade the
discussions of the Workgroup on Emerging Issues in Chapter 3. The organization of information
as a “user—friendly” decisionmaking tool is examined in relation to Remedial Action Plans; require-
ments for long-term binational research on climate change are assessed; and the need to resolve
conflicting scientific views on environmental impacts of chlorinated organics and to evaluate the
socio-economic implications of chlorine sunsetting are discussed.
In Chapter 5, the challenge of assessing the state of the lakes is examined from the perspec-
tive of state-of—environment reporting, noting information deficiencies and the need to develop
indicators of ecosystemintegrity that can be used to evaluate Agreement progress within a holistic
framework, based on the Great Lakes Basin Ecosystem.
Finally, the concluding chapter of the report addresses issues related to the binational com-
mitment of the United States and Canada under the Agreement and the broader implications of
sustainable development and environment/economy linkages, especially multi-lateral trade agree-
ments.
The Board is concerned that deficiencies in knowledge and information are critical issues
that will increasingly impinge on progress in achieving the goals of the Great Lakes Water Quality
Agreement. The Board is prepared to provide additional advice and assistance to the Commission
to ensure that the recommendations contained in this report can be acted upon, which will form a
































































































































 2. WORKGROUP ON PARTIES IMPLEMENTATION
The Workgroup on Parties Implementation was formed as part of the reorganization of the Science
Advisory Board (Board or SAB) in late 1991. The following Terms of Reference were adopted by
the workgroup at its first meeting on May 14, 1992:
 
The workgroup will review and analyze the 1972 Great Lakes Water Quality Agreement,
revised in 1978 and amended by Protocol in 1987, relevant data and scientific reports in order to

















































































mentor GLWQA). These issues are treated separately in the following sections.
























































































































for the Niagara River. Strategic planning, effective implementation and careful evaluation are
clearly required by the GLWQA to reduce or eliminate discharges of toxic substances. For the
purposes of this report, the term toxic substances is used to include toxic substances, persistent
toxic substances and hazardous polluting substances, as used in the GLWQA.
The chronology in Table 2.1 describes efforts by the Parties and the International Joint
Commission (Commission or IJC) to address toxics. The 1912-1964 chronology was excerpted
from “The Great Lakes, 1955-1985: An Overview,” a paper by Professor Leonard Dworsky of
Cornell University. The 1969-1989 data comes from an internal report by Walter A. Lyon, member
of the Science Advisory Board.






























































to limit loadings of toxics to the Great Lakes (see Figure 2.1), beginning in 1980.
There are three broad categories of environmental data that are needed to determine progress
















































































































































and the Detroit River, was sent to the IJC.
1946: Reference extended to include St. Marys River.
















































































































































































recommends identification and quantification.





















known and it’s a matter of the highest priority.
1977: Research Advisory Board (previous to the Science Advisory Board), annual report on the need
for toxic substance mass balance for each lake.
1978: The Great Lakes Water Quality Agreement. More emphasis needed on toxics, hazardous pol-
luting substances and persistent toxic substances.
1978: Appendix E lists 405 chemicals.
1981: Toxic Substances Committee recommends loading reductions and goal to be achieved by the
year 2000.
1982: Surveillance and Monitoring Roundtable: assessment of chronic human health/ reproductive
impacts of toxic chemicals needed.
1983: Inventory of 1,000 chemicals; 360 applicable to the Great Lakes.
1984: Toxics Substances Committee dissolved. Recommendations not implemented.
1986: IJC advises Parties to implement better methods of assessing point sources.
1987: The Protocol to the Great Lakes Water Quality Agreement requires more emphasis on toxics
from nonpoint, sediment, groundwater and airborne sources.
1989: IJC notes the need for data on 11 priority substances and emphasizes the need for coordinated
strategy and immediate action.
 
 Ambient data, which indicate conditions in sediments and waters of the lakes, can also be
used to determine whether or not water quality objectives are being met.
Effects data indicate the impact of toxic substances on the human body and on other organ-
isms in the ecosystem. They include data that quantify adverse impacts on fish-eating birds,
aquatic organisms and human subpopulations at particular risk.
While some toxic loading reductions have been attained, there are little source data to mea-
sure program effectiveness. During 1992, the Commission’s Regional Office assisted the SAB in its
I.
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(Lines are drawn without arrows to indicate feedback or interaction in both directions between various components)
A framework for control of toxic substances in the Great Lakes basin
(adapted from the First Report of the Toxic Substances Committee 1980)
FIGURE 2.1
 
 attempt to obtain information on source reductions by requesting data from senior personnel in
federal, state and provincial agencies on loadings, compliance levels and resources available to
reduce toxic loadings to the Great Lakes. As indicated in Table 2.2 on the following page, only five
of eleven jurisdictions provided data. The inadequate response either reflects a lack of data or the
inability of the jurisdictions to provide it in a timely manner and in a usable format.
Identification and quantification of toxic substances loadings and trends are particularly
important activities in the implementation of Great Lakes toxic initiatives. The US, EPA’s Great
Lakes National Program Office undertook a major Great Lakes Basin Risk Characterization Study
(US. EPA 1992, unpublished) to comprehensively assess and rank the relative environmental risks
from chemical contamination in the US. portion of the Great Lakes. Lack of data, particularly
toxic substance data, was cited as a severe limiting factor in the study.
A draft of the Lake Michigan Lakewide Management Plan (US. EPA 1992) was made avail-
able by U.S. EPA for review and comment. The plan is described as a synopsis of the current
knowledge regarding specific pollutants, their effects on the waters of Lake Michigan and their
current release or loading rates into the system. The draft report states that the current data on
sources and loading rates into the Lake Michigan system are extremely limited. This finding is
echoed in the assessment of toxic pollution in a report of the Citizens Fund and the Industrial
States Policy Center (1992).
The lack of adequate data impinges on the ability to make decisions on load reductions and
to measure the beneficial results of these reductions. The Upper Great Lakes Connecting Channels
report (UGLCCS 1988) indicates that there are insufficient data to compute, with any degree of
certainty, the loadings of toxic substances from air, surface water, groundwater and sediments.
The phosphorus experience can be a guide for the level of data that is required for effective
action. Scientific diagnosis of the cultural eutrophication problem of Lakes Erie and Ontario led
the IJC and the Parties to successfully implement a strategy which included a timetable, funding
for programs, and projects designed to reduce loadings of phosphorus to meet specific targets.
The target loadings were generally attained on schedule.
This extraordinary success has not been extended to the toxics issue. Today, the data necessary to
fully evaluate the work of the Parties over a period of more than 75 years do not exist or are not available.
The success or failure of efforts to control toxics is uncertain because source data to measure the toxic
loadings to the lakes are unavailable and the level of compliance with permits is generally unknown.
It is clear that program planning on toxic substances needs more attention. Several jurisdic—
tions that responded to the workgroup’s inquiry indicated problems due to inadequate staff and
budget that limit data collection and analysis activities. Yet the workgroup considers this to be a
fundamental underpinning of efforts to shape a more successful strategy for reducing toxics loadings.
The question of adequacy of programs is important and needs to be addressed as part of the
IJC’s responsibility under the Agreement. Articles VI, 1c and Article VII, 1c of the Great Lakes
Water Quality Agreement calls on the Commission to work with the Parties in shaping programs
and pollution abatement requirements to develop a strategy that moves toxics reduction efforts
toward attainable goals.
In Canada, jurisdiction over the control of pollution by toxic substances is a shared responsi-
bility, therefore, the implementation of programs to control toxic substances under the Agreement
can only be effective through federal-provincial cooperation. One of the primary mechanisms for
this cooperative effort is the Canada-Ontario Agreement (COA). This agreement ended in 1991
but was extended to March 31, 1993. It has now expired. The future of successful program
implementation will depend, to a significant extent, on the successful renegotiation of a new COA.
 TABLE 2.2 Data response to Workgroup on Parties Implementation requests
Information Request Env. U.S.
Can. EPA ON IL IN MI
    
Persistent and other toxic loads
to waters from all sources
  
Biochemical oxygen demand loads
to waters from all sources
 
Efﬂuent permit compliance trends,





municipal and industrial sources
         
Shaded areas indicate jurisdiction response
 
The Niagara River is a major toxic pollution “hot spot” of the Great Lakes system. Work to
reduce toxic loadings to the Niagara River began in the 19605 and was intensified during the 19805
and ’905. According to New York State estimates, there has been an 80 percent reduction in
priority pollutants discharged from all New York point sources. Nevertheless, point sources alone
discharge 248 kg (546 lb) a day of US. EPA priority pollutants to the Niagara River. This does not
include toxic substances discharged from nonpoint sources, notably from at least 38 hazardous
waste disposal sites known to contribute contaminants to the river via groundwater flow. It is
estimated that 341 kg (750 lb) of contaminants enter the river by groundwater discharge every day.
Mirex levels escalated significantly in downstream Lake Ontario sediment and fish over the last
decade as a result of inputs from Niagara and Erie County landfill sites (Whittle and Keir, 1991).
The loadings of 26 of 74 substances have increased at Niagara-on—the-Lake, including eight chloro-
benzene compounds, six pesticides, seven polynuclear aromatic hydrocarbon (PAH) compounds,
three phthalate compounds and two chlorophenolic compounds, most of which are persistent
toxic substances (NYS DEC 1992).
Thus, even after more than two decades of effort, many water quality guidelines adopted
under the Great Lakes Water Quality Agreement are still frequently exceeded in the Niagara
River. The effects of these continued toxics loadings are that indigenous organisms such as lake
trout and bald eagle are unable to reestablish self-sustaining populations, and beluga whales in the
Gulf of St. Lawrence continue to experience increased mortality and reproductive impairment (IJC
1992c; US. EPA 1993a; Martineau et al. 1988).
2.1.1 Findings
Initiatives are not enough. After seven decades of initiatives to clean up toxic pollution in the Great
Lakes, there are insufﬁcient data to measure past success and establish the benchmarks needed to
direct future efforts. Data that is available does not substantiate success of initiatives.
It is clear that the Parties need to shift emphasis from “initiatives” to strategies supported by
timetables, schedules and project funding designed to meet attainable goals. The pace of this
effort must be assessed by source data designed to measure and report on progress. The IIC and
the Parties have beensuccessful in this regard with phosphorus. It is even more important,





It is recommended that:
0 the Commission urge the Parties to implement the 1980 Toxic Substances Committee
recommendations (IJC 1981)
0 the Commission urge the Parties to confirm whether resources are being used effectively
to reduce loadings of toxic substances
0 the Commission promote the establishment by the Parties of a compatible toxic substances
loadings database, possibly using Geographic Information System technology
0 the Commission urge the Parties to establish a binational workgroup to develop a Great
Lakes toxics reduction strategy that would include timetables, specific load reduction tar-
gets and phase-out plans
0 the Commission recommend that the Parties submit a biennial assessment of their progress
toward achieving loading reduction targets for toxic chemicals.
2.2 Binational Consistency of the Great Lakes
Water Quality Initiative and the Great Lakes
Water Quality Agreement
In the Great Lakes Critical Programs Act of 1990, Congress directed the US. Environmental
Protection Agency (US. EPA) to propose and publish water quality guidance for the Great Lakes.
Titled the Great Lakes Water Quality Initiative (GLI), the proposed guidance establishes mini-
mum water quality criteria, anti-degradation policies and implementation procedures for waters
within the jurisdiction of the eight Great Lakes states as well as Indian tribes. The procedures are
to be used to establish consistent water quality goals and in so doing, better control discharges
from industries and municipalities within these waters.
The GLI seeks to address two recognized weaknesses of existing U.S. programs through the
development of a regional program. First, existing programs do not adequately take into account
the adverse effects of persistent toxic chemicals. Second, the GLI addresses the consistency prob—
lem around Great Lakes jurisdictions with respect to the development and implementation of
water quality programs. Six related procedures are associated with the GLI:
deriving criteria to protect aquatic life
deriving criteria to protect human health
deriving criteria to protect wildlife
using bioaccumulation factors in calculating criteria
protecting current water quality (antidegradation)
expressing standards as regulatory commitments to facilitate implementation
The genesis of the GLI occurred in the late 19805, when Great Lakes states requested US.
EPA to ensure consistency in procedures for permitting discharges under their National Pollutant
Discharge Elimination System (NPDES) programs. Over the last several years a steering commit-
tee, a technical workgroup and a public participation group have provided the structure for GLI
development, collectively involving US. federal and state agencies, tribal authorities, municipalities,


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1. The GLWQA specifies dieldrin plus aldrin
2. The GLWQA specifies only total of species
3. The GLWQA includes DDT metabolites
4. The GLWQA includes heptachlor epoxide
5. GL1 criterion based on chronic aquatic effects
6. GLI criterion based on wildlife effects
7. GLI criterion based on human health effects (cancer)
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3. WORKGROUP ON EMERGING ISSUES
The task is not so much to see what no one has yet seen, but to think
what no one has yet thought about what everybody sees.
Arthur Schopenhauer
An important attribute of the Science Advisory Board, in discharging its responsibilities under the
Agreement, is to be proactive and farsighted in identifying emerging issues. These issues may be
completely new, but often they provide new insights and solutions to current problems.
The Terms of Reference adopted by the workgroup and approved by the Science Advisory
Board are as follows:
  
Definition of Emerging Issues
0 Changes in environmental and social dynamics that may, over the near or long term, im—
pinge upon the Great Lakes Basin Ecosystem and inﬂuence the responsibilities of the Inter-
national ]oint Commission (IJC) under the Great Lakes Water Quality Agreement
Mandate and Responsibilities
0 To identify, evaluate and provide scientifically-based recommendations on emerging issues
for IIC consideration
0 To conduct an assessment process in an open and consultative manner
 
During an initial meeting of the workgroup, a preliminary list of 38 candidates for emerging
issues was generated. From these, ten were ranked for more detailed consideration. These were
then discussed at length and a subset of three was chosen for assessment. An emerging issue was
considered by the workgroup during the single biennium, and recommendations generated to
indicate how each issue might be carried forward into the next biennium.
Emerging issues of highest priority, as identified by workgroup consensus, were: Toward a
Chlorine Sunset; Climate Change and the Great Lakes; and Use of Predictive Tools in Remedial
Action Plan Decisionmaking. The workgroup’s findings and recommendations on these emerging
issues are presented in this chapter.
3.1 Toward a Chlorine Sunset
The Virtual elimination of persistent toxic substances is a long-standing concern for the Intema-
tional Joint Commission (Commission or IJC) and its Boards. This is based on the fact that,
despite progress to date, persistent toxic and bioaccumulating substances continue to be released
into the Great Lakes Basin Ecosystem cause effects in fish, wildlife and humans. One group of
contaminants, halogenated organic substances, has been a particular focus of concern. Specific





and dioxins, have beenshown to be toxic, persistent, widely distributed and capable of






























































































































































































































































































































































































































































based on their advancement of four assumptions:
0 Many synthetic chlorinated organic substances are persistent and are thus eligible for the
policy of virtual elimination under the Great Lakes Water Quality Agreement
0 There is a body of evidence to suggest many of these substances are toxic and harmful to health
0 The mix and exact nature of the various substances cannot be precisely predicted or con-
trolled in production processes




































































































































































that should be addressed to implement the Commission recommendation. For example:
0 What is the scientific rationale, and what alternatives exist, for regulatory assessment of all
chlorinated organic substances as a class? Are subclasses more harmful or uses and expo-
sures more trivial that, if identified, could provide a basis for the establishment of priorities
for sunsetting?
0 What are the science and engineering opportunities or challenges for chlorine technology to
be precisely managed through a life-cycle approach as a control alternative to a sunset?
 The Pulp and Paper Industry as a Case Study
Of the many sources of chlorinated organic contaminants, the pulp and paper industry
has been of particular public concern. Historically, pulp mills have beenone of the
principal anthropogenic sources of chlorinated material (usually measured in bulk as
AOX, adsorbable organic halogen). In the late 19805, bleached kraft mill efﬂuent was
shown to contain low levels of chlorinated dioxins and furans, both persistent toxic sub-
stances. During that period Swedish scientists also detected sublethal effects in fish in
pulp mill receiving waters, and they associated these effects with AOX.
In Canada, considerable federal research has been undertaken to support the regu-
lation of pulp mill efﬂuent under the Canadian Environmental Protection Act (CEPA).
At issue was whether AOX could be used as a regulatory parameter. As a mixture of
diverse compounds, AOX does not directly measure toxicity, persistence or bioaccumulation
and therefore, it was decided that the regulatory initiative under CEPA would not set
limits for chlorinated organic substances, other than for dioxins and furans. Nonetheless,
the Province of Ontario decided to implement a reduction in pulp mill discharge of
chlorinated organic substances, based on the measurement of AOX, with a requirement
that all releases be planned for phase-out by 2002.
From the research, it is evident that only a small and declining fraction of the
chlorinated organics in efﬂuent from modern bleached kraft mills is persistent and of
potential significance in terms of biological effects. Furthermore, physiological and repro-
ductive effects are seen in fish exposed to efﬂuent from all mill types, even from mills
using chlorine-free bleaching processes. The results of this research indicate that some
effects, including those relating to EROD response, may be transient and reversible.‘
For some, these results raise serious questions as to the extent or even existence of a
cause—effect relationship between chlorinated organics from pulp mills and impairments
to fisheries. For others, the previous research linking effects with chlorinated organic
substances continues to be relevant while the new findings are pertinent to, non-chlori-
nated efﬂuent from pulp and paper mills, and indicative that all discharges from pulp
mills can produce harm to ecosystems.
‘ EROD (ethoxyresorufin O-deethylase) is an enzyme from a larger group of enzymes referred to as mixed
function oxidases (MFO), which is induced as a response to exposure to certain foreign substances.
  
0 In terms of alternative scenarios and assumptions concerning technological breakthroughs
and barriers, what are the social and economic implications of implementing the Commis-
sion recommendation on the sunsetting of the use of chlorine as an industrial feedstock in
the immediate term, 5-10 years; near term, 10—20 years; and long term, 20-50 years?
What would be the legal and constitutional basis for sunsetting the use of chlorine as an
industrial feedstock?
If implemented, how would government know that the sunsetting of chlorine use as indus-
trial feedstock had been successful and effective in restoring the chemical, physical and
biological integrity of the waters of the Great Lakes Basin Ecosystem?
Recommendation #7 from the Sixth Biennial Report states: “the Parties, in consultation with
industry and other affected interests, develop timetables to sunset the use of chlorine and chlorine-
containing compounds as industrial feedstocks and that the means of reducing or eliminating


























0 the Commission, together with the Parties, undertake a comprehensive, binational, scien-
tific assessment of approaches to develop environmental management policy where socio-
economic and biophysical data are incomplete or contradictory. The options for implement-
ing the sunsetting of chlorine and chlorine-containing industrial feedstocks and the societal
implications of those options, should form a case study of such policy development
3.2 Climate Change and the Great Lakes
Predicting effects of changes in climatic factors and then proactively adapting to or planning for
such changes are important issues for the International Joint Commission (Commission or IIC) to
address under the Great Lakes Water Quality Agreement (Agreement or GLWQA). Long-term
climate change and short-term, year-to-year variation are primarily caused by changing tempera-
tures, precipitation, ice cover, cloudiness, solar radiation and winds. In turn, these climatic causes
inﬂuence short-term (year-to-year) variability and long—term (decade or longer) changes in lake
levels and hydrologic ﬂow; drought and potential extraction for irrigation; runoff and nutrient
inputs; biological productivity and deep water anoxia; fish reproduction, growth, and harvests;
water temperature and potential inversions; storm events, lake mixing, and wave generation.
Each of these has relevance to the Agreement. Variability and the uncertainty that variability
provides are perhaps the most difficult environmental properties for managers, planners and
policy-makers to deal with effectively.
As the Commission considers policies for restoring and maintaining the integrity of the
waters of the Great Lakes Basin Ecosystem, increases in greenhouse gases may produce global
warming. The scenarios to predict the extent of warming contain several assumptions and thus
uncertainties. The measured increase in atmospheric CO2 and the consistencies among the predic-
tions from several global atmospheric circulation models (Smith and Tirpak, 1989; Houghton et al.
1990) give credibility to the phenomenon of global warming and its potential to cause environmen—
tal change in the decades ahead. The predictions are far from certain, and some critics challenge
the credibility of global warming and its potential negative consequences (Michaels 1992). Given
the uncertainties, unexpected events may still occur despite the predictions.
The SAB has concluded that the issue of long-term climate change is a real issue in an uncertain
world and is relevant to implementation of the GLWQA. It should be addressed by the IIC. The
following recommendations are intended to be constructive notwithstanding of the climate change or
variation that future generations will experience. The recommendations also represent a “no regrets”
policy, in terms of usefuhiess in their short-term utility and long-term adaptability.
3.2.1 Development of the Climate Change Issue in the Great Lakes
The Science Advisory Board has recommended the consideration of climate change issues in each
of its last three biennial reports to the Commission. To date, the uncertainties ofan unknown
future combined with pressing short—term issues have limited positive action regarding climate
change recommendations. Climate change was not widely perceived as an issue when the revised
Great Lakes Water Quality Agreement was drafted and signed in 1978 and the Great Lakes scien-
tific community’s awareness developed perhaps as late as 1985 when R.E. Munn convened a
workshop on the effects of climate on fishes (Timmerman and Grima, 1986).
The US. Environmental Protection Agency’s Office of Policy, Flaming and Evaluation chose
the Laurentian Great Lakes as one of four regions of the United States for an initial consideration
of the uncertainties and potential impacts of climate change (Smith and Tirpak, 1989; Smith 1991).
Other significant papers and workshops were also developed around the issue (Meisner et a1.
 1987; Regier et al. 1990; US. National Climate Program Office et a1. 1989). In general circulation
models (Manabe and Wetherald, 1987; Hanson et al. 1988; Schlesinger and Zhao, 1988) available in
l
the mid-19805, ecosystems of the Great Lakes were strongly inﬂuenced by changes in climatic
s
factors simulated by a doubling of greenhouse gases. Many properties and processes of concern to
the IIC were sensitive to these simulated climate changes, including water levels (Croley 1990), ice
cover (Assel 1991), water temperature and dynamics (McCormick 1990), deep water anoxia
(Blumberg and Di Toro, 1990), fish distributions and production (Hill and Magnuson, 1990;
i
Magnuson et al. 1990; Shuter and Post, 1990), invasion of exotics (Mandrak 1989; Johnson and
!
Evans, 1990) and the spread of sea lamprey (Holmes 1990). While negative and positive apparent
effects were noted from a human perspective, potential negative effects were the most prevalent
‘
(Smith 1991; US. National Climate Program Office et al. 1989). These analyses were essentially
i
complete by 1988, at five years least ago.
i
Summary recommendations from the American Fisheries Society symposium in 1988, taken
from Regier et al. (1990), included the following:
We, the conveners of the 1988 symposium, feel strongly that it is now time for researchers,
educators, entrepreneurs, and managers to take the issue of climate change seriously.
Now is the time to get involved, seriously.
  
The major issues and plan of action from the 1988 Illinois State Water Survey symposium,
cosponsored by the Canadian Climate Centre and the National Climate Program Ofﬁce of the United _
States (quoted from US. National Climate Program Office et al. 1989) were identified as follows:
Major Issues:
1. Considerable uncertainty exists about the potential future physical and socio-economic impacts,
responses and adjustments to sizable climatic change
2. Better climate modelling information is needed
3. Existing planning bodies, and policy and regulatory entities are inadequate to address the problems
of basinwide climate change
4. Several conﬂicts could develop during rapid and sizable climatic change
Plan ofAction:
The broad and challenging extent of the above recommendations for studies, assessments, research and
changes in various public and private activities led attendees to recommend development of a plan of action
that recognized: (I) the needs of the Great Lakes basin communities, and (2) the evolving international
concerns over climatic change. The United States and Canada share joint management of the Great lakes.
Attendees agreed that although future climate is uncertain, now is the time to translate past experience into 31
future programs aimed at ensuring availability of the widest possible knowledge. To the end, the conferees
strongly recommended two actions: In
 
0 Develop a U.S.-Canada integrated study of the Great Lakes basin as a regional pilot project for an
international response to global climatic change
0 Establish a joint planning group to organize and develop the pilot project. The recommended activity should
be integrated with and built upon two major ongoing basin efforts, the Remedial Action Plan (RAP)
programfor the Areas of Concern (AOC) in water quality and the ongoing International Ioint Commission
(11C) Lake Levels Reference Study. Both of these programs contain activities and elements that should be










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































sediments in Areas of Concern. Warming increases habitat for Great Lakes fish, which could
increase fish yields, but also increases the potential for invasions of exotic species, which have a
history of altering Great Lakes ecosystems, often irreversibly.
Several policy options were considered by the workgroup. The importance of policy criteria
for assessments was emphasized, which would facilitate adaptation to climate change within the
context of economical factors such as discount rates and opportunity costs. Flexibility and an
understanding of both the benefit and costs of decisions in the long term also were viewedas
important. Highest priorities might be assigned to actions associated with irreversible or cata-
strophic impacts and to decisions made now for infrastructure and other projects with a long-term
planned obsolescence. The role of government should be to facilitate adaptability in goals or
targets that consider climate change as a long-term issue.
3.2.3 Events After the 1988 Symposia
A Canada—US. bilateral commitment (memorandum of understanding) was made between the
National Oceanic and Atmospheric Administration in the US. and the Atmospheric Environment
Service in Canada in 1990. This memorandum ensures mutual assistance in planning climate-
related programs and their operations to the extent practicable and mutually desirable, and com—
munication and sharing of climate—related information. Annual planning and review pro-
cesses are prescribed.
In February 1992, participants in a symposium at the Annual Meeting of the Association for
the Advancement of Science in Chicago restated the significance of climate change in the Great
Lakes basin (Climate Change on the Great Lakes Basin 1992). Primary areas of discussion in-
cluded water levels, policy, needed research, socio-economic and other impacts, and social and
institutional responses.
Canada established a Great Lakes climate-change program entitled “Reducing The Threat of
Global Warming” under the Green Plan initiative in 1992. The program’s goal "to take interdisci-
plinary, integrated studies on the physical, biological, social and economic impacts of, and policy
responses to, climate change in the Great Lakes-St. Lawrence basin, in order to improve our
understanding of the complex interactions between climate and society, so that informed regional
adaptation responses can be developed for the basin.” While no parallel program exists in the
US, the Canadian project has the objective to develop "partnerships which involve Canadian and
American interests, government agencies, academia, interests groups, and industry,” further stat-
ing “that a collaborative research agenda with the US. is critical for a binational effort.”
As part of this Canadian program, a workshop entitled "Adapting to the Impacts of Climate
Change and Variability” was convened in Quebec City in February 1992. Agreement was reached
among NOAA and other state/ federal representatives in attendance that a parallel effort should
be developed.
A NOAA initiative has been underway since January 1993 to develop a US. component to a
binational program on climate change in the Great Lakes. An integrative program with research,
monitoring, assessment and policy components is proposed, with emphasis on the effects of cli-
mate change on physical, ecological, economic and social systems. Anticipated outputs include
practical policy alternatives related to potential for adaptation and mitigation. To date, only
modest funds have been allocated to this effort. A planning workshop is scheduled for October
1993.
On the occasion of the 89th meeting of the Science Advisory Board, climate change was
unanimously adopted as a future priority candidate, for consideration by the Commission in the
development of their 1993—1995 workplans.
21















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































reviewed for the first two descriptors only.
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for the Fox River and Green Bay system (Beltran 1992). The program, known as the Green Bay
Mass Balance Modelling Project, includes a suite of models, including those used to estimate
pollutant loadings, transport, eutrophication, mobility of solids, fate of toxic substances, food
chain accumulation and uncertainty. Combined, these models have provided a valuable predic-
tive capability to estimate mobility and year-to—year spatial mass balance of PCBs in the river, bay
and fishery. The models also address management questions about the effectiveness of remedial
options for controlling loadings, resuspension rates and subsequent transport to Green Bay from
point and nonpoint sources, including the in-situ contaminated sediments in the Fox River.
Following development of the models, eight scenarios were selected for intensive evaluation
through simulation studies. Priority was placed on sediment resuspension during high—velocity
river ﬂow events, including consideration of the Fox River’s 100-year peak flow event, PCB source
reductions by sediment removal, and Fox River ﬂow "clipping" to reduce peak ﬂow rates through
construction of ﬂood storage (US. EPA/Wisconsin DNR, 1992). Five scenarios have improved
understanding of the potential for success through remedial measures on the Fox River as well as
the consequences of natural ﬂooding events on the proposed measures. Some criteria developed
 TABLE 3.1. Impaired uses and models developed for evaluating remediation options
 
SITE IMPAIRED USES MODEL DEVELOPMENT AND APPLICATION
FOX Rlver/ Restrictions on fish and wildlife Modelling Approach and Comprehensive Remediation Options Analyzed
Green Bay consumption Mass Balance of PCBs. The suite of Fox River/Green Bay models were
Degradation of fish and wildlife applied to predict long-term trends in PCB concentrations for six remediation
population scenarios. Utilizes several component models, including hydrodynamics,
Fish tumours and other deformities load transport, eutrophication, toxics fate, food chain and uncertainty.
Degradation of benthos (Beltran 1992; US EPA 8 Wisconsin DNR, 1992)
Restrictions on dredging activities Management Questions
Eutrophication or undesirable algae What are the loading rates of chemicals from point and nonpoint sources,
Beach closings including in place contaminated sediment?
Degradation of aesthetics Is the bay a source or sink of contamination to Lake Michigan?
Degradation of phytoplankton and What is the response in the bay water, sediment and biota to alternative
zooplankton populations loading reductions, including “no action.”
Loss of fish and wildlife habitats (Beltran 1992; US EPA 8 Wisconsin DNR, 1992)
Five Scenarios Selected for Simulation
Outcome of Fox River, hundred—year peak flow event
Outcome of selected remediation above and below DePere, Wisconsin
Outcome of PCB load reduction above, DePere, Wisconsin
Outcome of Fox River peak-ﬂow clipping
Fox River phosphorus load-step reductions
Remedial Action Goals being Considered
Year 15 Walleye PCB concentrations meet health standards


































Degradation of fish and wildlife ing rates to the lake could be estimated using a mass balance for conserva-
population tive dissolved substances as measured by conductivity. The purpose in-
Fish tumours and other deformi- volves predicting the fate of the lake water once it enters the harbour.
ties Under what conditions is lake water retained within the harbour for a time
Bird or animal deformities or long enough to have a beneficial effect on water quality?
reproductive problems (OMOE et al. 1988)
Degrédfmon Of benth.“ _ . . The Janus—Vollenweider model (1981) for annual average concentrations
Restr‘ch‘?” _°n dredgmg .actwmes was used to predict phosphorus loading to the harbour from a variety of
Eutrophlcatlon or undesnable sources such as wastewater treatment plants, combined sewer overflows
algae , (CSOs), creeks and storm sewer discharges. In order to reduce algal growth,
Bead] Cloémgs . it is necessary to reduce phosphorus inputs to the harbour. The model was
Degradatlfm 0f aesthems modified to take into consideration the effect that iron has upon the settling
Degradanon of Phytoplankton of phosphorus. Used to initiate loading reductions.
and zooplankton populations
Loss of fish and wildlife habitats Dick and Marsalek model (1973) used to examine the effects of landfilling
shallow littoral areas (inﬂows) on Hamilton Harbour retention and ﬂush-
ing times as well as oxygen depletion. No remedial actions taken.
Remedial Actions Taken
One regional municipality has constructed retention basins, and a dredging
project was initiated in 1988 to contain contaminated sediment. Industries
have modified discharges.
Port Hope Degradation of benthos
 
Restrictions on dredging activities
due to presence of low-level radio-
nuclides
 
Modelling Approach and Remediation Options Analyzed
- Hydraulic Mass Balance. Long-term averages (1984-87) for CAMECO cool-
ing water discharges have been estimated in two ﬂows used to determine
average loadings from CAMECO discharges. No remedial actions taken.
Sediment-benthological studies in 1984 were used to determine the stochastic
close an individual would receive upon consuming a brown bull head cat—
fish. In 1985, a study was done to investigate the uptake of contaminants by
resident and non-resident fish species in the turning basin. It has been deter-
mined that the radionuclide levels detected in the tissue of sport fish would
not produce a significant adverse impact on the fish or human use of the fish.
Remedial Actions Proposed
~ The sediments have been designated as historic low-level radioactive waste.
If the harbour is to remain operative as a small craft mooring facility, the con-


























































































































































































































































































































































































































































































































































































































































































































































































































































































































water movement models to temporal and spatially contaminant fate and





















tion of a Combined sewer overﬂow (CSO) control program.




Restrictions on dredging activities
 

























































































































































































































estimate pollutant fate and transport. No remedial options considered.
Remedial Actions Taken
Local landfills and industrial sites have developed cleanup plans.
(IIC 1991b)
 
 TABLE 3.1. (Cont’d) Impaired uses and models developed for evaluating remediation options
IMPAIRED USES
MODEL DEVELOPMENT AND APPLICATION
Restrictions on fish and wildlife
consumption
Degradation of fish and wildlife
population
Fish tumours and other deformities
(under assessment)
Degradation of benthos
Restrictions on dredging activities
Eutrophication or undesirable algae
Beach closings
Degradation of aesthetics
Degradation of phytoplankton and
zooplankton populations
Loss of fish and wildlife habitats
Modelling Approaches and Remediation Option Analyzed (Michigan DNR 1988)
- A deterministic phytoplankton simulation model was developed to describe
the cause-effect connection between external nutrient loading and phyto-
plankton growth in Saginaw Bay.
The principal issue addressed in the development of the model was cultural
eutrophication. The model was developed for two reasons:
- to gain insight into the relevant physical, chemical and biological pro-
cesses affecting phytoplankton growth
- to use the model as a tool to compare future effects of various wastewater
management strategies. No remediation options considered.
(Bierman and Dolan 1981, pg. 410)
Remedial Actions Taken
The City of Saginaw’s new discharge permit, issued October 1989, mandates
a construction schedule for six retention basins.
Funds have beenappropriated to address various nonpoint source issues in
the Saginaw Bay.
Restrictions on fish and wildlife
consumption
Degradation fish and wildlife popu—
lations (under assessment)
Fish tumours and other deformities
(under assessment)
Bird or animal deformities or re-
productive problems
Degradation of benthos (mainly
due to oil and grease tars)
Restrictions on dredging activities
Restrictions on drinking water con—




Loss of fish and wildlife habitats
(under assessment)
Modelling Approach and Remediation Options Analyzed
. Dispersion models (GLCCS 1988)
Hambdy and Kinkead (1979) predicted in stream concentration of chloride
from shore-based discharge outfalls. No remedial options considered.
McCorquodale and Bewtra (1982) provided a user’s manual for a model
designed to assess the convection-dispersion and decay of vertically mixed
pollutants from multiple outfalls. Also considered the dispersion and trans-
port of phenols in the St. Clair River. No remedial options considered.
Chan et al. (1986) modelled the ﬂuxes and the concentration distributed
profiles in water column, transects across the upper and lower St. Clair for
the contaminants HCB, HCBD, QCB and OCS (see glossary). Also calcu-
lated the flux of each compound across the river cross-section at Port
Lambton. No remedial options considered.
Hydrodynamic and Chemical Transport Models
- McCorquodale et al. (1986), Windsor k-s model. This model is a steady
state, depth average, turbulent mixing model designed to simulate complex
river systems with multiple outfalls. No remedial options considered.
US. EPA TOXIWASP model used only for hexachlorobenzene.
Nettleton and Hambdy (1988). User-oriented model to assess effects of









Restrictions on fish and wildlife
consumption
Degradation of fish and wildlife
populations »
Fish tumours and other deformities
(under assessment)
Degradation of benthos
Restrictions on dredging activities
Eutrophication or undesirable algae
Beach closings
Degradation of aesthetics
Degradation of phytoplankton and
zooplankton populations
Loss of fish and wildlife habitats
(under assessment)
 
Modelling Approach and Remediation Option Analyzed
(UGLCCS 1988)
For the purpose of modelling, the St. Marys River has been divided into an
upper reach (above the regulatory works) and a lower reach (below the
regulatory works).









































lows the mixing zone to be defined so that various loading scenarios can be
compared and evaluated. These models have been used to derive the maxi—
mum effluent loads for given outfalls along the river.
Remedial Actions Taken
Wastewater filtration plant opened in 1990 (Algoma Steel), combined sewer
overﬂow control program is required by the NPDES permit for the City of







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 proach and costs of recovering impaired uses of resources. Taking short-cuts in data collection
and modelling could contribute to further postponement of consensus and action.
Detroit, St. Marys and St. Clair Rivers
These three Areas of Concern (AOCs) were investigated as part of the Connecting Channels Study
(UGLCCS 1988), and the results have some similarities (on a smaller scale) to the Fox River/Green
Bay modelling study. Generally similar impairments of uses are present, creating similar prob—
lems for remediation. Beach closings, restrictions on fish and wildlife consumption, fish tumours,
deformities and degradation of aesthetics are all present (IIC 1991b). At the Detroit River AOC,
major pollutants include PCBs and heavy metals transported to the AOC directly from small
\ tributaries and through biological and natural resuspension (IJC 1987a). The Detroit River RAP
also has used mass balance modelling, and the results indicate that the river is a significant source
of several heavy metals and phosphorus, as well as PCBs. Other models have been used or created
for the Detroit River, including the Trenton Channel Mass Balance, the Trenton Channel Transport
Model and related process models (UGLCCS 1988). They have not been used to identify remediation
options, however, nor has the data collection and modelling been adapted for simulation or for
comparison of outcomes over time. However, eight efﬂuent management scenarios were chosen
by the Detroit Wastewater Treatment Plant (WWTP) for evaluation of the environmental fate of
substances, using models for that part of the system (UGLCCS 1988).
The St. Clair River, another AOC included in the Connecting Channels Study, has impair-
ment in 11 of the 14 use categories, including beach closings, restrictions on fish and wildlife
consumption, degradation of fish and wildlife populations, fish tumours and degradation of aes-
thetics (IJC 1991b). The impairments in this AOC are largely due to 12 municipal treatment plants
and 44 industrial dischargers (IIC 1987a). Nonpoint sources such as agriculture, urban and rural
runoff and spills also contribute (Michigan DNR/OMOE 1991b). Contaminants are transported
within the AOC via groundwater movement, biological and natural resuspension and small tribu-
taries. The modelling activities conducted on the St. Clair River do not appear in the Stage 1 RAP,
but are found in the Upper Great Lakes Connecting Channels Study (UGLCCS 1988). Various
models have beendeveloped, including chemical transport models, hydrodynamic models and
dispersion models (Table 3.1). However, none appear to be in use currently to explore and
compare long-term outcomes of remediation options.



























































































































available for the river, including fate and transport, hydrodynamics and process models.






































































































































































































































































































































inﬂuenced as a result of this work.
Saginaw Bay, Cuyahoga and Raisin Rivers





























































urban runoff, in-situ pollutants and atmospheric deposition. Contaminants are transported in
many ways, including small streams and tributaries, overland runoff, and sediment and biological
resuspension (Michigan DNR 1988). The Stage 1 RAP did not contain any modelling, but a
deterministic phytoplankton simulation model was developed to describe the cause-effect relation-
ships between external nutrient loading and phytoplankton growth in the bay (Bierman and
Dolan, 1981). However, the model has not been used yet in evaluating options for remediation of
the enrichment. The serious problems caused by organochlorine compounds are being addressed
in the Stage 2 RAP.
The Cuyahoga River RAP discusses ten impaired uses, including restrictions on fish and
wildlife consumption, fish tumours, beach closings and degradation of aesthetics (IIC 1991b).
These impairments are due largely to a variety of historical and present dischargers, including
steel mills, chemical manufacturers, wastewater treatment plants and metal refining facilities (IIC
1987a). Nonpoint sources includehazardous waste sites, landfills, quarries, mines, industrial stock
piles, tank storage areas, underground storage tanks, oil and gas wells, waste injection wells,
chemical spills, and rural and urban runoff (CCC 1992). The contaminants are transported to and
within the AOC by sediment resuspension, overland runoff and biological resuspension. Some
modelling for the ADC is underway, but little is reported in the RAP. The immediate goal has
been to produce a hydrodynamic model to quantify the linkages between sources and in—stream
conditions and their effect on use. In particular, a Water Analysis Simulation Program (WASP)
water quality model is being used to assess point and nonpoint impacts (CCC 1992). Efforts are
also underway to produce a wet weather model that would aid in predicting conditions during
high and low ﬂows. To date, none of these models appear to have beenused to advise among
remedial options or facilitate remediation decisions.
The River Raisin AOC has impaired uses for fish and wildlife consumption, degradation of
benthos and restrictions on dredging (IJC 1991b). The contamination problems within the river are
due in part to local automobile component production, power plants and wastewater treatment
facilities (Michigan DNR 1987). Most wastes are transported to the AOC via land runoff, ground-
water, sediment resuspension and biological resuspension. Several preliminary models have been
developed, including PCB mass balance, fate and transport models and sediment resuspension,
but the PCB mass balance is the only one that has been used to address management questions
such as the significance of nonpoint sources to this AOC (Michigan DNR 1987).
3.3.2 Discussion
The uses of models at these nine sites range from intensive to superficial. However, the extent of
public confidence concerning benefits from remedial measures seems generally to be proportional
to the degree that future risks, prospective outcomes from remediation programs, and local com-
munity activism are quantitatively examined. The status of decisionmaking is ﬂuid at all of the
sites, however, and the specific situation at some sites may be different now than the information
available at the time of this assessment. In addition, community enthusiasm for recovery of
beneficial uses may suffice in some cases to build consensus on remediation options, at least in
those locations where there is little divergence in the costs and benefits of the available alterna—
tives. Nevertheless, a general pattern remains: where specific data have been obtained to define
the problem and the goals for its remediation, and where the mechanisms and time-course for
reaching those goals are understood and generally agreed on by all stakeholders, consensus on a
course of action over a specific timeframe is likely.
The diversity of problems among the nine sites is interesting. Certain impairments are
present in a recurring pattern, including a 78% beach closing rate, 78% occurrence for fish tumours
and other deformities, 78% degradation of aesthetics, 88% restriction on fish and wildlife con-
sumption, and 100% restrictions on dredging and degradation of benthos. Many of these impair—
ments have the ability to severely restrict a wide range of public uses. In comparison with data on
impairments at the 34 sites without modelling, there is some evidence of a relationship between
the seriousness of the impairments and the apparent priority attached to evaluating remedial
options quantitatively. For example, the presence of fish tumours and deformities is less frequent
among the 34 than in the initial set of nine (IIC 1991b). The nine AOCs with modelling are mostly
high profile sites located near major population centers, valued not only for their ability to assimi-
late waste, but for their value as a source of recreation and other public uses. However, other high
profile sites with majorimpairments of use have not yet developed programs for analysis of
remediation options.
There may be a need for greater interaction between scientists analyzing remedial options
and the stakeholders and user community (the “public”) who must pay for implementation. Cer-
tainly, the Fox River/Green Bay AOC appears to have benefited from recurring workshops that
brought the modelling community, governments and local stakeholders together to consider spe—
cific measures and schedules for decisions and implementation. This has not been the case for
many other modelling activities, and the absence of feedback mechanisms should be recognized as














































































































































































































































































































































































































































































































































































































































































































































































































collection, monitoring and remediation. It is recommended that:






















































































4. WORKGROUP ON ECOSYSTEM HEALTH
The Terms of Reference adopted by the Workgroup on Ecosystem Health and approved by the
Science Advisory Board at their 87th meeting, September 17, 1992 meeting are as follows:
Fundamental Principles
0 People are part of, and not separate from, the rest of the ecosystem
0 Health is a state of complete physical, mental and social well-being and not merely the
absence of disease or infirmity (WHO)
0 The "weight-of-evidence” approach is a sufficient basis for policy development
Mandate and Responsibilities
1. Interpret and advise on public policy and perspectives underpinning that policy affecting
and affected by the Great Lakes Basin Ecosystem health through an ecosystem approach
2. Investigate and devise systematic and comprehensive means of assessing the health of the
Great Lakes Basin Ecosystem, including the essential community structure and life-sustain-
ing processes
3. Identify and anticipate injury to biodiversity and the integrity of the Great Lakes Basin
Ecosystem revealed through multiple perspectives on the environment
4. Advise the International Joint Commission, through the Science Advisory Board, on:
0 the current state of knowledge anddata gaps on exposure through all media of hu-
mans and other biota to hazardous substances
0 evaluation of the relationships between exposure to hazardous substances or agents
and ecosystem health status (e.g. risk assessment)
0 assessment of the value of the usefulness of different biological markers in an ecosys-
tem approach
0 development of a comprehensive approach for monitoring ecosystem health
0 development of strategies for ecosystem disease /injury prevention and restoration
  
The workgroup was formed to further develop, explore and identify the concept of ecosys-
tem health as it pertains to the Great Lakes basin. The concept of ecosystem health is developed
by analogy through understanding human health, animal and plant life health, the health of
communities, and the complex interactive development of all biota and abiota found in one place
at one time. The workgroup is exploring the conceptual framework that follows from this analogy









































attempt to move more freely between more traditional notions of human health and rich ecosys-
tem function, and in so doing explore complex and new (or at least unrealized) relationships in the
ecosystem.
An example of the complexity of the ecosystem health approach is the area of ecosystem
stress, for which there is no identity or simple prescription. Consider oxygen in the atmosphere.
In very real ways it is a pollutant, the end product of photosynthesis. For human and other 33

















































































































































































































































































































































































































































































































































































































4.1.1 Workshop on Our Community, Our Health:


































































































































































































 mental issues; how they involved public healthofficers and speciﬁc scientists; how their concerns
were addressed by the scientific and public health communities and how they attempted to scien—
tifically study their community’s health. Community groups present were the East Toronto 2000
Participatory Health Study and the Akwesasne Mother’s Milk Project, representing native commu—
nities’ traditional ecosystem approach.
In the second section of the workshop, ecosystem health investigators discussed the com-
plexity of current scientific models and the limitations of the models, methods and results. A
significant limitation of many studies is the inability to extrapolate the results of one study on one
species to other species or locations.
The workshop participants then discussed four areas of community / science concern:
0 scientific uncertainty and the weight-of—evidence approach for making decisions
0 extrapolating data from the very small (biochemical indicators or individual communities) to
the very large (ecosystem as a whole)
' the role of science and professional scientists in environmental health concerns of the community
0 communications between the concerned general public and the scientific community
The following thoughts were generated in the discussions of the four major topics. These
thoughts and suggestions in some cases did not constitute the general consensus of the workshop,
but are listed because they demonstrate a distinct point of view:
The Weight-of-Evidence Approach
0 The weight-of—evidence concept must be developed into a comprehensive, explicit process
for environmental decisionmaking
0 The IJC’s determination, in 1990 and 1992, using the weight-of~evidence approach that per-
sistent toxic substances should be virtually eliminated from the Great Lakes basin, is strongly
supported


































































































































tion, from the very large to the very small































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 the Commission take new initiatives to communicate its recommendations to a wider audi-
ence. This might involve presentations at major conferences and working more actively with
the network of individuals and organizations already aware of the policy recommendations
4.1.2 Workshop on Integrating Human Health Considerations






























































































































































































































































































































































































































































































































































































































































































































































































































Contaminants in breast milk
Birth defects (anatomical /functional)
Toxicological studies of chord blood and/ or placental tissue
Infertility
1. Proportion low birth weight newborns 4.
and/or microcephalic newborns
2. Proportion of premature newborns





CHILDREN: Pre-first grade physical examination
































4. Standardized neurological testing 9. Learning disabilities
5. Blood lead testing (venous) 10. Sexual maturation
ADULT: Hospital discharges and other indicators










4.1.3 Workshop on Bioindicators as a Measure of Success of




















































































































































































































































































tions of the interrelationship of ecosystem and human health
 
 4.1.4 Workshop on Risk Assessment, Communication and Management
in the Great Lakes Basin
Risk assessment is a concern of several groups within the IIC community. The Commission, as a
priority for the 1991-1993 biennial, directed the Water Quality Board in concert with the Science
Advisory Board, Workgroup on Ecosystem Health and others, to review the various ways the
Parties and jurisdictions assess and manage risks, how consistent they are -- both between and
within agencies and countries —- and how the Parties communicate risk assessments to the commu-
nities. Papers given at the workshop will be published separately and a synopsis of the workshop
may be found in the Water Quality Board report to the IJC.
4.2 Future Directions for Research on Ecosystem Health


























































































































































































































 5. STATE-OF-THE-LAKES REPORTING:
SOCIAL AND ECONOMIC STRESSORS
The 1991 Science Advisory Board (Board or SAB) Report to the International Joint Commission
(Commission or IJC) discussed the need for a comprehensive reporting strategy for the Great
Lakes Basin Ecosystem (IJC 1991a). The SAB’s comments focused on the integrity of natural
ecosystems in context of human stress factors, an approach consistent with the Great Lakes Water
Quality Agreement (Agreement or GLWQA) definition of the Great Lakes Basin Ecosystem:
the interacting components of air, land, water, and living organisms, including humans,
within the drainage basin of the St. Lawrence River at or upstream from the point at which this
river becomes the international boundary between Canada and the United States.
Article I (g) of the GLWQA, 1978
In response to the UC priority to determine data needs to assess the state of the lakes, particularly
the UC role under Article VII of the Agreement, the Science Advisory Board established an ad hoc
workgroup to examine the options available to the IJC with respect to the surveillance and monitoring
programs described in Annex 11 and other reporting requirements specified by the GLWQA. This led
to an inquiry into the nature and scope of integrated state-of-environment (SOE) reporting, with a
particular focus on the frameworks used to link human activities with biophysical changes. A review
of the current state of international, national and regional SOE reports was commissioned in order to
assess the state of the art in this rapidly evolving ﬁeld (Karasek1992, unpublished). This study was
further analyzed and summarized in a report entitled “Past Lessons, Future Directions: An Assessment
of Great Lakes Basin Ecosystem Reporting” (Hodge 1993, unpublished). These studies provided much
of the background material for the following analysis and conclusions.
5.1 The Commission and State-of-Environment Reporting








































































































































































































































































































respect to conﬂicting water uses; that is:





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 0 diagnostic indicators of ecosystem health
0 relevant measures to assess the level of environmental stress
0 an integrated reporting framework, or model, monitoring the dynamic spatial and
temporal dimensions of environmental stress and response
0 a framework for interpreting data in the context of differing community values concerning
environmental quality2
There is a growing awareness among scientists, and to some extent the public, that no com-
pletely objective means exists to measure the level of ecosystem health, and/or integrity. Science is
increasingly being challenged to explore the boundaries of the traditional scientiﬁc methods in order to
explain complex behaviour. These approaches can serve not only to advance knowledge but also as
"decisionmaking tools” for the management of whole systems in the future. While the speciﬁc nature
of these new approaches is still unclear, its general characteristics can be described as:
0 Transdisciplinary, the need to transcend the traditional boundaries of the sciences, both
physical and social, to communicate specialist experience and knowledge more effectively
and to re—draw boundaries for scientific research
0 Integrative, employing general systems theory and methodologies to link the social and
physical sciences
' Predictive, applying advanced computertechnology to develop dynamic spatial/temporal
models (supported by the growing volume of real-time monitoring from both ground and
remote sensing platforms), to anticipate future states and to provide user friendly
decisionmaking and education tools.
0 Community Oriented, placing primary emphasis on social and cultural values of communi-
ties and regions as opposed to the traditional object of social observation like the household
or individual. Thus the object of inquiry becomes the community in context to its institu-
tions and cultural values.
Despite the uncertainty in the science of assessing the state of the environment, national
reports are now undertaken routinely in most of the industrial world and increasingly by develop-
ing countries. Governments everywhere are beginning to recognize that environmental protec-
tion, conservation and restoration activities are as integral a part of governance as managing the
economy or implementing programs to improve education, health and security. To date, SOE
reporting has been viewed largely as a function of national governments and international envi-
ronmental agencies, such as the United Nations Environment Program. There has been a growing
demand for regional and local reports produced by state, provincial and municipal governments,
however, as well as nongovernment organizations and industry.
 
5.3 General Conclusions from Current
State-of-the-Environment Reports
Formal government efforts in environmental reporting originate from the early 19705. The annual





















2 These values may change over timeor may differ with respect to cultural background and economic status. While values can,
to some extent, be measured by surveys, the most realistic reﬂection is through the political process. What is important to note,
however, is that SOB reporting should be sensitive to the distinct values of different communities and employ a pluralistic
approach to the evaluation of environmental change. Native peoples for example might place higher values on access to













































































































































































































































































































































































































































































































































































































































































































































































































































































































































1. Given the IJC leadership role in reporting on the State of the Great Lakes Basin Ecosystem
and its responsibility for assessing progress in implementing the GLWQA, the SAB consid-
ers that the data specification in Annex 11 and other reporting requirements in the GLWQA
are insufficient to measure progress with respect to an ecosystem approach to the manage-
ment and restoration of the Great Lakes. It is recommended that:
0 the Commission evaluate the various reporting responsibilities under the Agreement
and develop a systematic approach to data organization and the reporting strategies
of the Parties in order to assess progress under the Agreement
2. Given that the IIC has a reporting function with respect to the Great Lakes Basin Ecosystem,
and that comprehensive SOE reports are underway and planned by various governments
and NGOs recommended that:
- the Commission continue to provide advice on an ecosystem approach that will
encourage the synthesis by the Parties of U.S./Canada data and information require-
ments under the Agreement
3. Given the new insights stemming from holistic science with respect to the interrelationship
of human well-being and ecosystem integrity and the shift towards policies that are consis-
tent with sustainable resource use, recommended that:
0 the Commission encourage the Parties to continue to support educational/research
programs directed towards Great Lakes communities on the implications of
sustainability within the limits of the “carrying capacity” of the basin ecosystem
47
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6. THE GREAT LAKES WATER QUALITY AGREEMENT
TO THE YEAR 2000
Success in achieving the purposes of the Great Lakes Water Quality Agreement (Agreement or
GLWQA) is increasingly related to questions that are broader than the Agreement itself. While
some of these questions do not appear to be directly relevant to the Agreement, they are nonethe-
less appropriate due to socioeconomic changes that have occurred since the Agreement was
signed.
The expansion of North American -— and indeed global -- trade and related policy discus-
sions have linked economic and environmental policy. With the increasing adoption of policies
directed toward sustainable development, the environmental carrying capacity of the North Ameri-
can continent is likely to have a significant effect on the economic future, as well as the course,
scope and success of environmental policies and programs. These and other questions do not fall
into traditional fields of science but profoundly affect environmental management in the Great
Lakes Basin Ecosystem and hence, the future science needs that underpin our stewardship of the
basin. In this concluding chapter, the Science Advisory Board (Board or SAB) poses a number of
open questions which it considers important for the International Joint Commission (Commis-
sion or IJC) and the Parties to consider and to factor into future plans and programs for the Great
Lakes.
6.1 Goals
Since 1972 when the Great Lakes Water Quality Agreement was signed, new needs, laws and
programs have increased the scope and complexity, and in some cases, fragmentation of Great
Lakes environmental and natural resource programs.
Question:
0 Will the scope and substance of the goals of the GLWQA and future multi-lateral agreements
be clear and consistent? Do they need further definition or clarification in order to work in
harmony? Are there gaps or overlaps? How do these fit with binational, national, provincial
and state environmental goals and programs?
I.
6.2 Policy and Management
Since the 1972 GLWQA, two management schemes have dominated the work of the Parties and
the IIC:
0 Strategic implementation of plans to reduce point source loadings
0 Extensive studies of other problems such as Areas of Concern, nonpoint sources, persistent
toxics and other sources with recommendations for strategies with limited implementation
Questions:

















































































































































































































































































































































































































































































































































































































































































































































































































































































































 0 How can economic development programs, binational, regional and global duties, tariffs
and trade barriers, sanctions and industrial policies be shaped and redesigned to enhance
the process of environmental management? Should there be subsidies and tariff exemption
for environmental pollution control products and services?
0 What will be the relationship of the GLWQA to future trade agreements?
6.4 Recommendation
In reviewing the range of issues, the SAB believes it is necessary to move beyond the present
scope of the Agreement and to consider emerging trends in the areas of trade, economy, social
impact and infrastructure. It is recommended that:
0 the Commission, together with the Parties, undertake a binational review of the implica-
tions of economic policy and trade commitments relative to the goals and purpose of the
Great Lakes Water Quality Agreement to identify opportunities for implementing the
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 III. Science Advisory Board Meeting Record and
Acknowledgements: 83rd to 9lst meetings
83rd MEETING (Concurrent with 1991 Biennial Meeting)
September 28 - October 2, 1991, Traverse City, Michigan
Public presentation of the 1991 Science Advisory Board Report to the Commission,
September 29.
Second Joint Meeting of the Science Advisory Board and the Council of Great Lakes
Research Managers, September 28.
Meeting of the Board, September 29, and discussion of the SAB role relative to the
Commission priorities over the Biennial Cycle 1991—1993.
84th MEETING
November 19 to 21, 1991, Canada Centre for Inland Waters, Burlington, Ontario
This meeting was attended by Commissioners Cleveland, Durnil, Fulton and Welch,
who participated in a mini workshop on the future role of the Science Advisory Board.
The workshop was facilitated by Dr. Isobel Heathcote and provided the basis for the
reorganization of the Board.
Presentations were received from Ken Hall, Anne Redick and Gil Simmons represent-
ing the Bay Area Restoration Council and Implementation Team, Keith Rodgers from
Hamilton Harbour RAP Committee and David McLeary of the Halton Region RAP
Committee outlining their organizational structure and progress to date in the Hamilton
Harbour Area of Concern.
85th MEETING
February 25 and 26, 1992, Sheraton Cleveland City Centre Hotel, Cleveland, Ohio
The mission, role statement and reorganization of the Board developed from the 84th
meeting was discussed and approved. A new organizational structure, comprising three
workgroups was developed to replace the Board’s standing committees: a Workgroup on






































































































































observers at the meeting.
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